Objective: To estimate the relative validity of a computerised dietary history instrument (DISHES 98). Settings: Munich and Berlin. Subjects: A total of 148 persons aged 19 ± 59 y recruited from two research centres. Design: A relative validation study. Energy and macronutrient intakes obtained with DISHES 98 were compared to those assessed with 3-day weighed dietary records and with a 24 h dietary recall. Results: Intakes of energy, total, saturated and monounsaturated fat, polysaccharides and alcohol were signi®cantly higher and intake of dietary ®bre was signi®cantly lower with the 3-day records than with DISHES 98. For intakes of total, animal and vegetable protein, total carbohydrates, mono-and disaccharides and cholesterol the mean difference between DISHES 98 and the 3-day dietary records was less than 5% of the intake with DISHES 98. Pearson's correlation coef®cients between DISHES 98 and 3-day records varied from 0.34 for intake of polyunsaturated fat to 0.69 for intake of disaccharides and from 0.27 for polyunsaturated fat to 0.65 for total carbohydrates between DISHES 98 and the 24 h recall. The proportion of participants classi®ed into the same or adjacent quintile of intake varied between 66.9% for polyunsaturated fat and 90.4% for alcohol comparing DISHES 98 and 3-day records and between 60.2% for polyunsaturated fat and 78.4% for total carbohydrates comparing DISHES 98 and 24 h recalls. Conclusion: The observed differences between DISHES 98 and the other methods are in an acceptable range for assessing dietary intake in epidemiologic studies.
Introduction
A major concern of nutritional epidemiology is the ef®cient and adequate assessment of dietary intake in free living populations. For this purpose, various questionnaire methods are currently used, which conceptually may differ in assessed time scale, precision of quantities, structure and standardisation of the questions. As a consequence they all have their strengths and limitations, and an overall ideal reference method for the`true' intake does not exist (Gibson, 1990) . It is therefore necessary to determine the relative validity of an instrument by comparing it with other established methods in the population of interest.
A frequently used and currently the most comprehensive retrospective method is the dietary history. This extensive method is time-consuming and work-intensive and therefore relatively expensive. Like all dietary assessment methods, it may also be subject to various sources of error. The validity of the dietary history depends on the capacity of participants to reconstruct the frequency of food consumption, as well as serving sizes during the reference period (Bingham, 1991) . The translation of this method into a computer program with the integration of food composition tables may increase the effectiveness and standardisation of the whole process of data assessment. Such a computerised dietary history instrument, the DISHES 98 (Dietary Interview Software for Health Examination Studies) was used in the German Nutrition Survey 1998 (GeNuS). It is designed to assess the usual dietary intake of the last 4 weeks and was conducted in a subsample of 4030 participants, aged 18 ± 80 y, of the German National Health Interview and Examination Survey 1998 (Mensink et al, 1998) .
The relative validity of this instrument was assessed in a group of 148 German adults, aged 19 ± 59. In the validation study, nutrient intakes assessed with DISHES 98 were compared with intakes assessed with 3-day weighed dietary records and a 24 h recall (EPIC-SOFT, German version). The 24 h recall instrument was used for calibration purposes in the European Prospective Investigation into Cancer and Nutrition Study (EPIC) (Kroke et al, 1999; Slimani et al, 2000) . The results of the validation for energy and macronutrient intakes are presented.
Methods

Participants
Participants were recruited from a total of about 1000 employees of two research centres in Berlin and Munich, Germany. Subjects who were involved in nutrition research or had previous experience with dietary interviews were not eligible for the validation study. The investigators of this study selected the study population in such a way that a broad spectrum of persons with varying socio-economic status were included, among them blue-collar workers, employees, civil servants and researchers. All study subjects participated on a voluntary basis, but received a small incentive. From the initial 155 men and women aged 19 ± 59 y, one person who was on a strict diet, mainly consisting of dietary supplements, and those who did not complete all three parts of the study (n 6) were excluded. The mean age of the ®nal participants (89 women and 59 men) was 37.0 AE 10.4 y.
Study design
All dietary assessments were performed during August and September 1998. In the ®rst week, the 24 h recall was obtained and thereafter participants were instructed how to ®ll in the 3-day weighed dietary records. Subsequently, dietary intake was recorded on three consecutive days in the same or following week (Sunday ± Monday ± Tuesday or Thursday ± Friday ± Saturday). In the fourth week a dietary history interview with DISHES 98 was performed. The time schedule of the validation study is shown in Table  1 . All interviews and instructions were carried out at the research centres by two trained interviewers, who also conducted dietary interviews in the German Nutrion Survey 1998.
Dietary assessment
The computerised questionnaire DISHES 98 is a modi®ed dietary history interview about the dietary intake of the past 4 weeks. It is carried out as a face-to-face interview by trained nutritionists. The software codes food items during the interview and connects the food codes directly with the German food composition table`Bundeslebensmittelschlu Èssel II.2' (Dehne et al, 1999) , which allows calculation of energy and nutrient intake immediately after the interview (Mensink et al, 1998) . The interview starts with the assessment of personal characteristics, including age, sex, weight and height. After this, the usual meal patterns are obtained. Dependent on this information, the frequency and amount of food and drinks consumed during each meal are assessed. Foods which are not listed in the main screens can be searched for using special function buttons. This enables to perform an openended interview. In both the validation study and the German Nutrition Survey 1998 an open-ended interview was performed. For the estimation of portion sizes, models of cups, glasses, spoons, plates and bowles are used. The interview closes with questions on dietary regimen, shortterm changes of dietary habits during the last 4 weeks, use of dietary supplements, physical activity and, for women, questions on pregnancy and lactation. After a training period, the average duration of the interview was about 35 min.
The 3-day weighed dietary records were administered on three consecutive days including two week days and one weekend day. Participants received standardised protocols for recording. They were instructed by the trained interviewers to record their food consumption as accurately as possible and to weigh and report portion sizes, and to register brand names and food preparation methods. For mixed dishes, detailed recipes had to be listed. Participants received a digital kitchen scale to weigh portion sizes. Whenever it was impossible to measure the portion size or to reconstruct food recipes, participants were instructed to describe foods, recipes and portion sizes as exactly as possible. For the coding of the 3-day weighed dietary records the coding software EWP (Erna Èhrungs-Wissenschaftliches Programm, dato Denkwerkzeuge, Wien) was used.
The software EPIC-SOFT was used for the 24 h recall interviews. EPIC-SOFT was developed as a calibration instrument in the European Prospective Investigation into Cancer and Nutrition Study (Slimani et al, 1999 (Slimani et al, , 2000 and the applied version was adapted to the dietary habits of the German EPIC study population. Participants were asked to recall every food item consumed during the previous day. After registration of personal characteristics and special circumstances, like conduction of a special diet or joining a party during the recalled day, a so-called`quick list' of all meals and food items consumed during the day was administered. After this, food items reported in the`quick list' were speci®ed in detail. Brand names, preparation methods as well as recipes were registered. Colour photographs of different serving sizes and household models were used to estimate intake quantities (Voss et al, 1998) . 
Data analysis
For all three assessment methods, foods were coded and transformed to energy and nutrient intakes with the German Federal Food Code, Version II.2 (Dehne et al, 1999) . Means and standard deviations of energy and macronutrient intakes were calculated for all methods. Data on intake of energy and most nutrients were logarithmically transformed to achieve normal distribution, which was achieved for all except for alcohol intake. The agreement in intakes from DISHES 98 and the other methods was determined through differences in log-transformed energy and macronutrient intakes, and tested with paired Student t-test. Individual agreement was evaluated graphically, using plots of the means against the difference of two methods, as proposed by Bland and Altman (1986) , including limits of agreement (mean AE 2 s.d.). For both crude and energy-adjusted intake data, the Pearson's correlation coef®cients were calculated. Nutrient data were adjusted for energy intake using the residual method (Willett & Lenart, 1998) . In addition, for the correlation between DISHES 98 and the 3-day dietary records, deattenuated correlation coef®cients were calculated. Deattenuation to correct for intra-individual variability was performed with the formula
), where R u is the deattenuated correlation coef®cient, R o is the observed correlation coef®cient, R is the ratio of CV w aCV b , and k is the number of independent records per subject (Beaton et al, 1979) .
To evaluate the agreement in ranking, participants were grouped into quintiles for each energy and macronutrient intake distribution. The proportion of participants classi®ed in the same, adjacent and opposite quintiles were compared. All statistical analyses were performed with SAS Version 6.12 (SAS Institute Inc., Cary, NC).
Results
The reference period of DISHES 98 was 28 days (last 4 weeks). Thirty seven participants recorded their 3-day dietary intake on Sunday, Monday and Tuesday; 110 on Thursday, Friday and Saturday; and one on Friday, Saturday and Sunday. In the 24 h recall, 34 participants recalled their food intake on Monday, 38 on Tuesday, 25 on Wednesday, 10 on Thursday, 5 on Friday, 3 on Saturday and 33 on Sunday.
A total of 89 women and 59 men were included in the statistical analyses. Both sexes had a mean age of 37 y. The mean (self-reported) weight was 61.7 kg (s.d. 9.1) for women and 77.4 kg (s.d. 10.9) for men, and the mean (self-reported) height 166 cm (s.d. 7) for women and 180 cm (s.d. 7) for men. The resulting body mass index (BMI) was 22.3 (s.d. 3.2) for women and 23.9 (s.d. 2.6) for men on average.
The mean values and differences in mean values of energy and macronutrient intake assessed with the three methods are shown in Table 2 . In general, mean intakes assessed with 3-day dietary records were higher (except diand monosaccharides and dietary ®bre) and intakes assessed with the 24 h recalls were very similar or somewhat lower than those assessed with DISHES 98. Intakes of energy, total, saturated and monounsaturated fat, polysaccharides and alcohol were signi®cantly higher and intake of dietary ®bre was signi®cantly lower with 3-day records than with DISHES 98. For intakes of total, animal and vegetable protein, total carbohydrates, mono-and disaccharides and cholesterol the mean difference between DISHES 98 and the 3-day dietary records was less than 5% of the intake with DISHES 98. For intake of energy, total, saturated and polyunsaturated fat, polysaccharides, Difference DISHES 98 Ð 24 h recall. The difference was signi®cantly different from zero after log transformation with *P 0.05, **P 0.01, ***P 0.001 (Student's t-test; for alcohol, Wilcoxon signed-rank test).
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dietary ®bre, the mean difference was between 5 and 10%, for monounsaturated fat between 10 and 20% and for alcohol intake this difference was more than 20%. The intake of (total, animal and vegetable) protein, polyunsaturated fat, cholesterol, mono-and polysaccharides and dietary ®bre assessed with the 24 h recall was signi®cantly lower than that assessed with DISHES 98. The difference in intake of vegetable protein, total, saturated and polyunsaturated fat, total carbohydrates, mono-and polysaccharides assessed with DISHES 98 and 24 h recalls was less than 5% of the intake assessed with DISHES 98. For total protein, monounsaturated fat, disaccharides and cholesterol this difference was between 5 and 10% and for animal protein, dietary ®bre and alcohol between 10 and 20%. In Figure 1 the mean total energy intake obtained from DISHES 98 and the 3-day records is plotted against the differences. There is a substantial variation in agreement between individuals, as re¯ected by the large limits of agreement. Apart from some extreme values, the differences do not tend to increase with increasing mean intake. Very similar patterns were observed for the other macronutrients except for alcohol intake (Figure 2) . Differences in alcohol intake tended to increase strongly with higher mean intakes, re¯ecting partially the skewed distribution of alcohol intake in the population.
Crude and deattenuated Pearson's correlation coef®-cients are presented in Table 3 . The crude Pearson's correlation coef®cients between DISHES 98 and 3-day dietary records varied from 0.34 for polyunsaturated fat to 0.69 for disaccharide intake. For alcohol consumption the Spearman correlation coef®cient was 0.80. The correlation coef®cients were lower after adjustment for energy intake for almost all nutrients.
The crude Pearson's correlation coef®cients for the comparison of DISHES 98 with 24 h dietary recalls, varied from 0.27 for polyunsaturated fat to 0.65 for total carbohydrates (Table 3) . After adjustment for energy intake, the corresponding correlation coef®cients for most nutrient intakes were considerably lower.
In Table 4 the agreement between quintiles of energy and macronutrient intakes from DISHES 98 vs 3-day dietary records and vs 24 h recalls is presented. The proportion of participants classi®ed into the same or adjacent quintile for both DISHES 98 and 3-day dietary records varied from 65.5% for polyunsaturated fat to 89.1% for alcohol. Grossmisclassi®cation, de®ned as classi®cation in opposite quintiles, varied from 0.0% for alcohol to 2.7% for mono-saturated fat and carbohydrates. The best agreement of ranking was observed for alcohol intake. The proportion of participants classi®ed in the same or adjacent quintiles for DISHES 98 and 24 h recalls varies from 60.2% for polyunsaturated fat to 78.4% for carbohydrates. Grossmisclassi®cation varied from 0.0% for mono-and polysaccharides to 5.4% for cholesterol. Quintiles for intake of Figure 1 Plot of mean energy intake from DISHES 98 and 3-day weighed food records against the difference in energy intake (DISHES 98 Ð 3-day weighed food record).
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GBM Mensink et al Figure 2 Plot of mean alcohol intake from DISHES 98 and 3-day weighed food records against the difference in alcohol intake (DISHES 98 Ð 3-day weighed food record). Spearman's r.
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total carbohydrates showed the best agreement between DISHES 98 and the 24 h recalls. The ranking agreement of polyunsaturated fat and cholesterol intake was rather poor in both comparisons of DISHES 98 with the other two methods.
The comparison of age, physical activity and nutrient intakes between the validation and the national survey sample (ages 18 ± 60) is presented for men and women in Table 5 . On average, the age of the validation sample is slightly lower. For men, the energy and macronutrient intakes are very similar. The alcohol intake is considerably higher among the male and also among the female validation participants in comparison to the survey average (also for the median alcohol intake). For women, the average intakes are lower in the validation sample as compared to the survey sample. Both men and women in the validation sample spent less time on moderate or strenuous physical activity.
Discussion
The presented validation study compares the energy and macronutrient intakes assessed with DISHES 98 with intakes assessed with 3-day weighed dietary records and 24 h dietary recalls. Due to measurement errors as well as conceptual differences, for example the time scale, none of the methods may act as an ideal reference of (either longterm or current) true dietary intake, and only relative validity can be determined.
The 3-day weighed record was selected as a reference method, because it has for a main part other sources of error than the dietary history method. The dietary history method has to rely mainly on a person's ability to remember, estimate and describe frequency and amounts of dietary intake (Nelson & Bingham, 1998) . These sources of error will hardly appear in the 3-day weighed dietary records. Food records are the most commonly used and a widely accepted method for comparison in validation studies, which allows a comparison with previous studies. Nevertheless, the concept of the diet history is to measure usual intake whereas the food record measures current intake. The 3-day dietary record method measures food intake in a relatively short time period, which may not re¯ect usual intake, and dietary habits may be altered during or after recording. A longer period or multiple periods of food recording might improve the similarity with usual intake. For practical reasons, such as increasing and maintaining the response and compliance among the participants, one period of three consecutive days was chosen as a compromise.
On the other hand, with both methods a tendency to report foods which are believed to be socially desirable (`healthy' foods) more frequently, may exist. This social desirability bias may lead to an apparently stronger agreement which is not real. In a similar way, the participation in several dietary intake assessments may increase the aware- ness of personal dietary habits and lead to a somewhat higher agreement. To reduce this effect the DISHES 98 interview was conducted with a time lag of 3 weeks. To ensure that there was a certain overlap in the referred time period, the DISHES interview (which has a time frame of 4 weeks) was conducted as the ®nal method. The 24 h recall has to deal with similar error sources as the dietary history. This method was chosen as an additional comparison instrument because it was used as a calibration instrument in the EPIC-Study (Kroke et al, 1999) , which included large regional cohort samples of Germans. The inclusion of this instrument may therefore enable a comparison of dietary intake of these regional samples with the national representative sample, in which DISHES 98 was used.
For most nutrients, the mean intakes recorded with DISHES 98 were lower than with the 3-day records, but of similar magnitude or somewhat higher than measured with 24 h recalls. The intakes of energy, fat and alcohol assessed with DISHES 98 were signi®cantly lower than with 3-day dietary records.
The corresponding intakes assessed with the 24 h recall were very similar to those assessed with DISHES 98. The mean protein and cholesterol intake assessed with DISHES 98 was signi®cantly higher in comparison with intakes from the 24 h recall. Intake of dietary ®bre as recorded with DISHES 98 was signi®cantly higher than with both other methods. Most differences were below 10% and several research groups (van Leeuwen et al, 1983; Mahalko et al, 1985) are even considering differences up to 20% to be acceptable.
The lower total intake for both the DISHES 98 and the 24 h recall method may re¯ect a higher tendency for underreporting. Estimates of the proportion of underreporters were made using the Scho®eld formulas (Scho®eld, 1985) , including age, weight and height, to estimate basal metabolic rate and using a cut-off point for energy intake below 1.27ÂBMR (basal metabolic rate) to de®ne underreporters. Since height and weight were self-reported by the participants of the validation study this is a very rough estimate. Nevertheless it was 32% among men and 51% among women in the DISHES 98 interview and 31% for both genders in the 3-day weighed records. In the 18 to 60-y-old survey population (with measured height and weight), the percentages of supposed underreporters were 35% among men and 42% among women. These percentages are in a similar range to or somewhat lower than in a study of 186 men and women conducting a 3-day food record in 1992 and for which the same cut-off point (1.27) was used (Hirvonen et al, 1997) . The difference between women in the survey and the validation sample may partly be explained by the self-reported origin of the BMI in the validation sample, since especially women may underestimate their true weight. About 53% of men and 44% of women in the survey but only 34% of men and 12% of women in the validation sample had a BMI ! 25 kgam 2 . In the survey population the percentage of underreporters was 18% among men with BMI below 25 kgam 2 , 40% among men with BMI between 25 and 30 kgam 2 and 58% among men with a BMI larger or equal to 30 kgam 2 . Among women these percentages were 32%, 51% and 64%, respectively. This strong increase of underreporting with increasing BMI has been observed before (Nelson & Bingham, 1998; Voss et al, 1998; Heerstrass et al, 1998) .
According to Nelson and Bingham mean intakes recorded with diet history are usually higher than with weighed intakes, although not always (Nelson & Bingham, 1998) . Several studies did measure higher food intake with diet histories than with food records (van Leeuwen et al, 1983; Petersen et al, 1992; Morgan et al, 1978; Nes et al, 1991) . Others observed similar or lower intakes with dietary histories (Mahalko et al, 1985; Block et al, 1990; Landig et al, 1998) . These discrepancies in ®ndings may re¯ect the low standardisation in concepts between dietary histories. Considering the food records, the differences in the number of days recorded may also cause different ®ndings, since the ®rst or the ®rst two days of food records are usually the most complete ones.
In several other studies, correlation coef®cients of similar magnitude were observed for energy and macronutrient intakes assessed with the dietary history method and food records (van Leeuwen et al, 1983; Mahalko et al, 1985; Petersen et al, 1992; Morgan et al, 1978; Block et al, 1990; Landig et al, 1998; Jain et al, 1996) . The observed correlation coef®cients showed some improvement after deattenuation. The correlation coef®cients measure strength of relationship but not the agreement between methods (Bland & Altman, 1986; Delcourt et al, 1994) . Although the differences between the methods may be acceptable, we observed a large variation in disagreement on the individual level. This may re¯ect in part the day-to-day variation in intake, which is most evident for alcohol intake. The increase of difference between methods with increasing mean for alcohol intake re¯ects in part the nature of alcohol consumption which is for a part of the population (near to) zero and for others has a large day-to-day variation.
Food consumption may be in¯uenced by the dietary intake of the previous day (Tarasuk & Beaton, 1992) and intake reported on three consecutive days is probably not suf®cient to re¯ect usual diet (Bingham, 1991; Nes et al, 1991; Tarasuk & Beaton, 1992; Anonymous, 1991; Potosky et al, 1990) . A larger number of recorded days may eventually improve the consistency between the methods. Considering that the compared methods a priori have different time scales, the relative validity of DISHES 98 is acceptable.
Although the correlation for alcohol intake between the methods was relatively high, the absolute difference between intake from DISHES 98 and 3-day records was considerable. This is partly a result of the relatively high day-to-day variation in alcohol intake. Whereas the diet history includes all days of the week, 3-day records are affected by day-to-day variation. A substantial day-to-day variation of food intake was observed previously (Beaton et al, 1979; Tarasuk & Beaton, 1992; Anonymous, 1991) . Additional analyses of variance showed a signi®cant dayValidity of DISHES 98 GBM Mensink et al of-the-week effect for intake of monounsaturated fat and alcohol (data not presented). The study design includes a proportional distribution of week and weekend days for the 3-day records. It was, however, not possible to achieve an equal number of all days of the week. In addition, most participants recorded their intake on Thursday, Friday and Saturday. This is, in particular, crucial for the comparison of alcohol intake, since not only on the weekend but typically on Fridays, the intake of alcoholic beverages is higher than average. In additional analyses, mean intakes were weighed for a speci®c day of the week, which reduced the mean alcohol intake of 3-day records by about 2 g, making the difference between the methods smaller. Nevertheless, since such a weighing was not possible on an individual level, the presented analyses were weighed only for week vs weekend days.
For many research purposes, it is suf®cient to rank individuals according to their dietary behaviour. The ranking into quintiles showed reasonable agreement between DISHES 98 and 3-day records as well as between DISHES 98 and 24 h recall. Almost two-thirds of the participants were classi®ed in the same or adjacent quintiles.
The results were very similar when we analysed men and women and age-groups below and above 40 y separately. For men as well as for younger persons (19 ± 40 y) the agreement between the methods was, in general, somewhat better. The selected participants may affect results of a validation study (Delcourt et al, 1994) and they should represent the population of interest (Hankin & Wilkens, 1994) . The participants of the presented validation study were employees of two research centres. They had different education levels and socio-economic status, but they were mainly urbanised,`white collar workers', so persons with heavy physical work were not included. This is re¯ected in the lower amount of strenuous physical activity among the validation sample as compared to the national survey. It may also explain the lower energy intake among women in the validation sample. In general, women are probably more involved in moderate to strenuous home activities and other physical work than in this sample. Furthermore, due to the voluntary basis, these persons may have been more interested in nutrition than the general population. Dietary assessments were carried out in August and September, therefore the interpretation of results may be limited to dietary habits of those months. This may explain the higher mean alcohol intake in the validation sample as compared to the survey. Due to changes in weather or recent holidays, variation of diet may be relatively large in these months.
Nevertheless, after exclusion of persons who had been on a holiday recently, the results were almost the same. Although the study population may fairly well represent German adults until the age of 59, information on the validity for older persons (ages 60 ± 80) is not available. A translation of the results to this age group is not appropriate.
The average interview time was about 35 min, which is considerably less than for traditional dietary histories. To a certain extent this can be attributed to the computerisation because a trained interviewer can enter the data for foods not included in the main lists more rapidly when using the DISHES 98 search function than by writing it on a paper form. The text search function for the integrated German Food Code database, as well as a quick list of other foods not appearing on the main menu lists, enables an ef®cient search for foods. In addition, the DISHES 98 interview is more straightforward than the classical dietary history. The program has only one loop of frequency estimates and does not assess the dietary habits for week and weekend days separately. Also, the frequency of fruit servings is asked for each meal and between meals, but the speci®c amounts are assessed for the whole day at the end of the interview. Furthermore, for several typical food servings like pizza margherita etc standard recipies are used. All these factors have apparently reduced the interview time.
Overall, the relative validity of DISHES 98 is comparable to other dietary histories. Compared to them, the main advantages of DISHES 98 are the reduction of interview time and the large reduction of food-coding time. Furthermore, the interview may be more standardised compared to previously used dietary recall instruments with a reference period above one day. Therefore, in addition to its classical use in small-scale clinical studies, it is also an instrument worth considering for use in large-scale population studies.
